An attempt is made to understand the successful results of the isobar model analysis by Olsson and Yodh from the dynamical aspect. This is made under the assumption that the isobar is predominantly produced through the exchange of the I= 1, J = 1 di-pion system between the incident boson and the target nucleon, if there is no serious kinematical restriction against the exchange and if there is no other resonances. Such a model ·can be applied to the r~actions rc+p-+2rcN and KN-+KrcN in the lower energy region. The rise of the inelastic cross section is calculated. The fit with the experiment is excellent, especially for rc+p reaction. Although in our model, the isobar is produced mainly in P-state, the results of the usual isobar model, where S-state production is assumed, is little changed And the validity of the model becomes quite plausible, if the particular angular distribution of the isobar stated in the text does not contradict experiment. Partial wave projection of the amplitude is performed, and it is shown that in fact the isobar is produced dominantly in P 1 12 and P 3 12 near the threshold; the elastic amplitudes for P 1 12 and P 3 1 2 states, rather than Dr; 2 are perhaps to be seriously affected by the rise of the inelastic process. Some discussion is made about the relation between the model and the usual treatments of final state interaction, and treatment of the lowest graph of the vector meson theory. A few remarks are made concerning the re-p reaction, to which the present model cannot be applied because of the effects of the higher resonances. § I. Introduction If the inelastic process takes place dominantly through the production of intermediary unstable particles, the first important unstable particle connected with the inelastic process in the boson-nucleon interaction should be the nucleon jsobar 1V* (3/2, 3/2), ·since the threshold energy for the isobar production is considerably low compared with those for boson excited states (p, K*, etc.) production. And this is confirmed by the . phenomenological analysis of the isobar model_l)-
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If the inelastic process takes place dominantly through the production of intermediary unstable particles, the first important unstable particle connected with the inelastic process in the boson-nucleon interaction should be the nucleon jsobar 1V* (3/2, 3/2), ·since the threshold energy for the isobar production is considerably low compared with those for boson excited states (p, K*, etc.) production. And this is confirmed by the . phenomenological analysis of the isobar model_l)- 3 ) For example, Olsson and Yodh 1 ) have shown that in n+p collision. below 1 Be V Q-value spectra of pion-nucleon and pion-pion systems, and production ratio among various charge configuration are in good agreement with the prediction of the isobar niodel, where the isobar is assumed to be produced in S-state.
It is well established that in the cases of the isobar production in nucleonnucleon collision, the p-meson production in pion-nucleon collision and so on, there exists a characteristic mechanism known as the one-pion-exchange process. This OPE process is, however, absent for isobar production in boson-nucleon collision. The purpose of the present paper is to show that there might exist T. Ebata a simple mechanism for isobar production in boson-nucleon collision as well. This is the " p-exchange" process. 4 ) As is shown in the paper I. E., the isobar effect observed in n+ p collision at 1260 MeV in the small nucleon momentumtransfer region can be explained by this " p-exchange " amplitude satisfactorily. The corresponding amplitude for the KN-interaction is obtained in this paper, and we discuss the isobar effect in the boson-nucleon interaction from the more generalized point. This is because of the simpleness of this amplitude in its structure compared with the usual final-state interaction treatment. This amplitude is likely to be closely related (but not equal) to the phenomenological or "perturbational" diagram shown in Fig. 1 , so that the validity of the present approach, which should be checked by further experiments, will be a justification for the phenomenological treatment of other "vector-boson" exchanging or unstable particle producing processes.
boson boson
In this paper we are particularly interested
in the energy region a little above the threshold for isobar production. In this region we expect the isobar production dominates rather than p and K* production and the complicated mutual innucleon nucleon fluence between elastic and inelastic amplitudes is Fig. 1 . The .. perturbational" diaexpected to be small with regard to the inelastic gram for the "p-exchange" process.
amplitude.
In the next section, we discuss various possibly competing mechanisms for isobar production, and we are led to the model : The isobars are dominantly produced through the exchange of I= 1, J = 1 di-pion system (the "p-meson ") in n+p-and KN-interactions. The materials discussed in this section are more or less contained in the earlier paper I. E. We restate them, however, for the sake of clarification and of completeness.
In § 3, the expressions for production amplitude and production cross section are given. The amplitude is also projected into the partial waves, since this is useful for t~e study of the inelastic effect on the elastic amplitude.
Section 4 is devoted to present the results of the preceding section and to discussions about validity of the approximation and other related problems.
The rise of the inelastic cross section for n+ p and K + p collisions is calculated and is compared with experiment. 5 ) In the case of n+ p collision, the fit is satisfactory. This fit is due to the characteristic feature of the " p-exchange" model. That is, the isobar is produced predominantly in the P-state near the threshold but not in the S-state as in the conventional isobar model_l)-s) The results of the isobar model given in reference 1) are likely to be influenced little by this alternation of the angular momentum state of the produced isobar. The subject of this section is to study about the possible characteristic mechanism for isobar production in boson-nucleon interaction. Evidently, the OPE mechanism, which is the characteristic one in the case of nucleon-nucleon interaction, is absent.
In the case of boson-nucleon collision, we may classify the mechanisms for isobar production as the following: 1) direct production, 2) the boson-boson interaction, 3) the influence of other isobaric states in boson-nucleon system. This classification may be somewhat obscure, but is useful for qualitative understanding.
To make clear what are meant by the above three mechanisms, we had better introduce some kinematical notation. The process to be considered is (see Fig. 2 ), where b stands for boson (pion or kaon), N for nucleon and n for pion. The letters in parentheses are their 4-momenta in the c.m. system and the Greek letters in Fig. 2 refer to the charge states of the particles. Among the final products, n (q) and NCs2) are the decay products of the intermediary isobar N*. The physical channel for the reaction (1) is called s-channel, while the X-channel is physical for the reaction b + 1;~ N + N*. The first " direct production" can be illustrated by the typical diagram shown in Fig. ; 3. The incident boson is absorbed directly by the target nucleon to produce two bosons, one (or both, sometimes) of them being in resonance . 200 with the final nucleon. In some approximation, this corresponds to the neglect of the boson-boson interaction. Rodberg 6 l has studied such process for 7rN reaction in the frame of the static model. The result of his analysis shows that this direct production can not explain the magnitude and the energy dependence of the pion-nucleon inelastic cross section. Especially, the magnitude of the cross section from this process is far too small compared with experiment. Thus, we conclude that if there is no enhancement in s-channel, this direct interaction cannot be the main one.
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Next, a typical diagram for isobar production via the boson-boson interaction is given by Fig. 4 . The incident hoson collides with the pion-cloud of the target nucleon, and leaves behind the excited nucleon isobar, or in other words, N* is excited through the exchange of multi-pion system between the incident boson and the target nucleon. The number of the exchanged pions is not definite. We expect, however, the most important contribution comes from the di-pion, exchange, to which we restrict ourselves in the following.
For a while, the case of 7riV collision is considered. The exchanged dipion system can be classified by its iso-spin states in X-channel ; the possible iso-spin state may be either I= 1 or I= 2, the I= 0 di-pion exchange being forbidden from the iso-spin conservation. The exchanged di-pion system with I= 1 can have orbital angular momentum J = 1, 3, · .".. Since higher J-states, however, become effective only for larger IX 2 1-values, which in turn correspond to the interaction of shorter range, we suppose that it is enough to take only the amplitude with I= 1, J = 1. (This will be called " p-exchange " amplitude hereafter, in accord with I. E.) The existence of the well-known p-meson with these quantum numbers leads us to imagine that this " p-exchange " amplitude might be a big source for the isobar production.
Concerning the I= 2 · di-pion exchange, there is no sufficient data to say anything definite; this may be as important as the part I= 1. There is,' however, no confirmative evidence for the exi~tence of any I= 2 di-pion resonance, so we conjecture that the I= 2 interaction itself is less important compared with the one I= 1. This may be supported by theories like the vector meson theory. 7 l However, some data are likely to be against our conjectm;e. For example, in the reaction n-+ p-----777:-+ n+ + n, the isobar is most strongly formed in the configuration (n-n) .f5l In the frame of the di-pion exchange model, this should be an evidence for the importance of the state I= 2, because only the exchange of doubly charged system between initial pion and nucleon is capable of the negatively charged N* (-) production. This point is discussed in more detail in § 4. We see that the large magnitude and the rapid rise of the n-p inelastic cross section can be ascribed to the influence of the higher resonances, N** and N*** of mass of 1512 and 16·88 MeV respectively. If such is the case, th~ strong effect of the I= 2 di-pion is only apparent rather than real.
We are specially interested in the KN reaction in spite of the lack of the sufficient data. This is due to the following three reasons: 1) It is well known that the K + p interaction in the lower energy region is dominated by the Swave scattering and further, the magnitudes of the coupling constants GKY''' are usually thought to be smaller than the nN coupling constant Gn:N· Thus, the possible effects from the direct production may be smaller compared with the case of nN reaction. And unlike nN reaction, there is no possible Peierls' singurality 9 > to complicate the situation. 2) In contrast with the pion-nucleon interaction, the KN-interaction does not contain the I= 2 di-pion exchange part, because the iso-spin of kaon is 1/2. 3) From the analysis of the KN reaction information about the KKnn-or KKp-coupling constant may be obtained. Such information may be of some interest for theories like the vector meson theory.
l
To summarize, we are to propose the following model for the mechanism of the isobar production: If there is no enhancement or c~Hrelation corresponding to the higher resonances or strong absorption in s-channel, and if various kinematical coefficients do not suppress the I =1 di-pion exchange specifically, the isobar is produced mainly through the "p-exchange" process. This will be the cases for the reactions n+ +p-----77t+ + 77:
and
-----?K++n++n.
(3·c) § 3. Production amplitude 3.1. The '' p-exchange" part of the production amplitudes can be derived very easily. For reaction (2), the result is already given in I. E. The derivation being much the same for reaction (3), we write the results directly here. The essential points are as follows:
1) We approximate nn-and l{Knn-interactions by the point interaction of the forms:
2) Then, the production amplitudes are related to the matrix element for the pion production by a virtual photon. 4 l This matrix element is intimately c6nnect~d with that for real photo-pion production. The main difference is that in place of the nucleon magnetic moment for the real photon case, there appears the di-pion contribution part of the nucleon magnetic moment form factor. We have assumed that this part can be represented by the pole term in the experimental Clementel-Villi formula. 4 J,IOJ
These points are discussed m more detail in the paper I. E.
The invariant "p-exchange " amplitude for nl\l interaction is written as (6) where I af3y is a numerical constant determined by the charge independence and is tabulated in Table I for n+ p interaction as well as n-p interaction. The primed vectors p', etc., are the momenta referred to the rest frame of the intermediary produced isobar (the primed system), which finally decays into 7r (q) and 1V(s 2 ) (cf. Fig. 4) . Mq* is the mass of the isobar:
where M, ,u are the nucleon and pion mass, respectively. Furthermore,
where 0 33 is the (3/2, 3/2) pion-nucleon scattering phase shift. The numerical constants a and b are dete.rmined from the experimental form factor to be 19.6 and 27.7 respectively.
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The quantity ~Y. 
and f//4n=0.08. 
final pions 
The constant Ja 137 is given in Table II . Except for the numerical coefficients, the expressions (6) and (10) for the pion-nucleon and kaon-nucleon cases are almost the same, so that we write only the expressions for the KN reaction hereafter; some expressions for nN reaction which are useful in higher energies are g1ven In I. E. 
After once performing angular integration, the production cross section can be written in the form
where e is the scattering angle of the final f(a ( p) from the direction of the incident kaon K 7 (k); W is the total energy and (J)v is the energy of the final kaon, all measured in the c.m. system. The integration of (11) over e can be performed analytically, with the result dux(pa, q/3; kr)l d(J)P = nWUx Ja/37 bllkll\llfrY
where (13) m is the mass of kaon. 3.2. It is of some interest to perform a partial wave projection of the "pexchange '' amplitude. This serves to· make clear the partial waves in elastic scattering which are much affected by the isobar production. We write the results for KN reaction here.
For the partial wave projection we firstly need the helicity amplitude; the
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remmmng procedure then may be carried along the general line given by Jacob and Wick.
)
The amplitude Is most convel).iently expressed in the rest frame of the intermediary isobar, the "primed system", and is not in covariant form. So · we transform the initial nucleon, helicity spinor to the primed system. The initial spinor
where a is the spin-up 2-component spinor, is transformed to the form (cf. (20))
m the primed system, and u' is defined as
where
A=l/21\1*~(~1'-t-.iff)[ cos-+(t/(E*+M*) (E1+M)-v·(E*~if:l*f(E1 -l'l1))
2 . -X is the angle between the momenta of the initial nucleon ( s1) and the produced isobar; E* is the energy of the isobar with mass M* and momentum q* in the c.m. system, the latter being equal, in 1nagnitude, to the momentum of the final kaon:
The primed quantities are related to those in the c.m. system by the relation { Is/ I cos x' = [E * I s1l cos X -E1l q* I]/ M *, Is/ I sin x' = I s1l sin X,
The ~atrix element in Eq. (10) can be represented by the vectors s/, s/ and p' as well. (Note that q'= -s/, k'=p'-s/.) In accord with the definition of the helicity of the isobar, we take the Z-axis to coincide with the vector q*, or in the primed system to coincide with -p'. Then, in this coordinate system the vectors have the components s/ = (-Is/ I sin x', 0, Is/ I cos x'),
s/=(ls/lsincj/cos¢', is/1 sincj/sin¢', ls/1 cos¢'). The angles (j/ and ¢' associated with the momentum s/ in this coordinate system are related to the helicity state of the isobar. Furthermore, if we assume the initial nucleon helicity to be+ 1/2, the 2-component spinor for the initial nucleon, upon which the matrix of the type (10) operates, should be .equal to (16) . Thus, we obtain the following expressions for the helicity amplitudes :
where A and A are the nucleon and isobar helicities .. 
and these (]) /'s are related to the partial wave amplitudes Tij's by the formula
where CLS(J, A; 0, A)'s are the Clebsch-Gordon coefficients, and L and l are the orbital angular momentum quantum number of KN* and J(N systems respectively. By solving these linear equations, we finally get the partial wave amplitude J~l/2:
J=3/2:
(26) 
J=5/2:
T~,
In the above, the quantities In's are defined by the integral: (3, 3) isobar is assumed to be produced in S-state (L * = 0). In our model, L * is not restricted to 0, as is seen from ( 6) . Regardless this difference, the successful results obtained by them, however, are almost equally valid in our case; because, if we replace the vector [k' X p'] in Eq. (6) by k, the amplitude is reduced essentially to the form used by them. Thus, we expect that the Q-value spectra of nn and nN systems, the energy-and Q (n, n) -dependence of the charge-ratio, in n+ p reaction can be fitted equally well by the present model.
2) If we apply the narrow resonance approximation for the isobar, the production cross section (12) is seen to behave as (31) near the threshold, where qr * is the momentum of the produced " stable " isobar with mass 1238 MeV. Thus, we expect the isobar is dominantly produced in P-state in our model near the threshold. This is due to the type of the bosonboson interactions (4) and (5), and to the spin 3/2 of the isobar.
3) That the above statement is indeed the case, is easily confirmed from_ the observation of the expressions for partial wave production amplitudes (26) ,.._, (28). Near the threshold, the partial waves T fz ( Since, near the threshold, we have
where A=2M*(E1 +M),
Thus, the elastic amplitudes which are possibly much affected by the rise of the inelastic cross section at the threshold are P1 12 and P3 1 2 rather than D&/2 ; the D 3 ; 2 elastic amplitude is strongly affected only when the isobar is produced dominantly in S-state, which is assumed in the conventional isobar model. 4) In the present model the angular distribution of the "peripheral " (i.e. not the' decay product of the isobar) boson is rather characteristic. From Eq. (11) we see
If this angular -distribution is confirmed by experiment, it will be a strong support for our model; and if this distribution is measured with some accuracy, it may be possible to check the value of the parameter a. 5) With regard to the pion-nucleon mass distribution, we note that the
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isobar effect in our model appears through the factor D(q'
2 ) (see Eq. (8)), and this will serve to shift the apparent mass of the isobar to the smaller value, the true isobar mass being defined as the energy where Oss = 90°.
4.2. The rise of the inelastic cross section just above the threshold for isobar production is interesting. The neglect of the complicated influence of the elastic and inelastic processes through the unitarity relation may be safe in this energy region.
We calculated the cross section for reactions (2a) and (3). In the calculation for reaction. (2a), we neglected the interference between the two isobarproducing amplitudes which result the same final products. The contribution from the OPE process is neglected in both cases, because this contribution is expected to be relatively small for the energies below the threshold for p and K* production.
As to the energy dependence of the cross section for the n+ p reaction (2a), the fit with the experimene) is remarkable (see Fig. 5 ). With the values for the parameters a= 19.6 and b=27.7, 4 ),lO) which are determined from the experimental form factor, the fit was obtained for the value of nrr-coupling constant )A,.) =0. 17 or
This coincides with the value A= -0.182 of Goebel and Schnitzer/ 2 ) and is consistent with our previous estimation JA,-) ........ 0.1.
)
(A small variation of this value with the energy is rather natural, since this parameter is phenomenological in nature.) For comparison, we have drawn the curves /qr*l and lqr*l 3 also; the curve I qr * ) 3 fits the data very well, and this is consistent with the argument 2) of the previous subsection. That the S-wave production of the isobar is inconsistent with the data, is apparent from the curve I qr *I in Fig. 5 . The energy dependence of the inelastic cross section is not so sensitive to the " pmeson" mass a. For example, for the value of a= 28.7 corresponding to the actual p-meson mass 750 MeV, the data can be fitted with the value of A,-2 b 2 = 42.8 as well.
Our calculation becomes too large for momentum larger than 0.9 Be V j c. This is due to the neglect of the unitarity coupling between elastic and inelastic amplitudes; the modification from the unitarity is by no means expected to be small at higher energy. We are not in the position to say anything about the origin of the bump observed in the inelastic data at about 1 BeV/c, corresponding to the 800 MeV shoulder observed in the total cross section ; 13 ) this might result from the present model as a result of the unitarity suppression or from the singurality of the type discussed by Peierls and others.
We note, furthermore, that it is wrong to think, by combining the present result with the results discussed in 3) of the previous subsection, that the inelastic process takes place predominantly through only the amplitude T// 2 and T 1 "/ 2 up to 0.9 BeV/c. In fact, the observed cross section is too large to be attributed to these two amplitudes. The apparent similarity of the cross section with the curve lqr*l 3 up to this energy may be rather accidental.
As to the K +p reaction, the situation is not so clear. Calculated curves are compared with the data available at present. 5 ) Even qualitative affirmation of the validity of the present model should be reserved until more abundant data become available. If, however, the present data are tentatively fitted by the model, the magnitude of the parameter A. the coupling constants IA.,..I and IA.Kl are proportional to the nnp and KKp coupling constants and will be equal if the theory is correct.
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4,3. In this subsection, we discuss the approximation of the model and some relation with other treatments.
In the present model, the assumption of the point boson-boson interaction is essential. This, however, will not cause any serious error, if we regard the introduced coupling constants A"' and Ax merely as adjustable parameters. Another point is that the brevity of our expression is valid only for smaller value of I X 2 1. 14 l Consequently, the expressio~ is expected to become incorrect in higher energies and in the region cos{)= -1 (see Eq. (11)). We should use a little complicated formalisms given in reference 15). In the present analysis, however, we do not take this point into account.
As may be inferred from a· terminology such as " di-pion exchange ", we regard the pion-pion correlation in the )(-direction (see Fig. 4 ) as of first importance. We think this is reasonable in the energy region below the threshold for p and K* production. Such a treatment is a little different from the usual treatment of the final state interaction. Roughly speaking, for example, in the model of Goebel and Schnitzer 12 ) the pions produced through the OPE process come to interact with the residual nucleon. As is shown in their analysis, the production of the isobar in the inelastic process is not a matter of self-evidence.*l Our "p-exchange ' 1 amplitude resembles the treatment of the lowest order graph of the vector meson theory (Fig. 1) . If the present model is indeed confirmed by the experiment, it will serve as a ground to the treatments of other vector meson exchanging process. In our "p-exchange" amplitude, there appears " di~pion part " of the form factor in place of the " exact " p-meson propagator. And since this di-pion part is estimated from the experiment, we expect some nonresonant effects are also included in our parameter a and. b. Furthermore, in the present approach, the isobar is represented by the factor (8) instead of the isobar "propagator". 4.4. As is discussed in § 2, we can not apply simply the " p-exchange " amplitude to n-j.> reaction, since in this reaction a large contribution from the "I= 2 di-pion. exchanging" process is expected, especially in the reaction n-p ~n+n-n (see Table III of I. E.). Even in the relatively lower energy region, where the effects of the higher isobars. are expected to be small as yet, the enhancement in the Q (n-·n) spectra is remarkable. 8 ) This may. be the indication for the importance of the I= 2 di-pion exchange. Furthermore, if we stick to the di-pion exchange model, the rapid rise of the n-p inelastic cross section in the region 0.6<kL <0.7 Be V/ c, 5 l' 16 l with a strong production of the negatively charged isobar/),S) should be interpreted as the indication for very strong I= 2 interaction. This is, however, not necessarily the case. We can ascribe the rapid rise to the effects of the existing higher isobars ; because the rapid rise then can be understood jn terms of the simple one level formula. And the abundance of the negatively charged isobar 1V* (-) may be also interpreted as a consequence of the I= 1/2 isobars. The relative ratio of the amplitudes for variously charged N* production, under the assumption (37)
IS given in Table III . If indeed the higher resonances have a close concern with the rise of n-p inelastic process, the production ratio of variously charged 1.V* will be rather sensitive to the variation of the energy. Table III . Production ratio of the amplitude under the assumption (37). The particles in parentheses are the decay products of the isobar.
Combination

Ratio
In addition to the circumstances stated above, we note there may be larger contribution from the OPE proce"ss in the I= 1/2 channel ; the OPE process through the I= 0 pion-pion interaction may be important because of the existence of the ABC "particle ".
l
It is interesting to note that the only quantity that Olsson and Yodh 1 l failed to fit is the Q(n+, n-)-spectra from n--p reaction.
4.5.
If the model is proved to be a good approximation to the physical situation, it is of interest to see the effect of the inelastic process on elastic process by solving the integral equations, in which the " p-exchange" amplitude may be regarded as Born term.
Present approach can be used for the analysis of the reaction n+N~N*+ui~N+4n,
to get some information about the np(J) coupling, and probably for reactions of the type (39) with slight modification. Analysis of reaction (38) IS now m progress.
